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Leone A. Mori L. Bertanelli F. Fabiano P. Filippelli M. Indoor passive smoking: its effect: on cardiac 
performance. Ini J Cardiol 1991;33:247-252: 

We studied 19 nonsmoker male volunteers. 9 health) (mean age 30.5 - 8.5), and 10 with previous 
myocardial infarction (mean age 53-8 - 5.3K who underwent exercise stress testing twice: in a smoke-free 
environment and in a smoking environment (carbon monoxide concentration 30-35 ppm). We measuredi 
peak exercise power, time to recovery of pre-exercise heart rate, expired concentration of carbon 
monoxide and plasma carbon monoxide. Obtained data were compared by using /-test. P < 0.05 was 
statistically significant. Mean data observed in healthy people were as follows. Peak exercise power 
220 - 30 watts in a smoking environment versus 220 z 30 in a smoke-free environment (P > 0.05). Time 
to recovery of pre-exercise heart rate 19 r 4 minutes in a smoking environment versus 8.5 * 4 in a 
smoke-free environment (P < 0.01). Expired concentration of carbon monoxide before exercise 23 r 2.01 
ppm versus 8.5 z 1.6 (P<0.01) after exercise in a smoking environment, and 2.3-2 ppm before 
exercise versus 2.1 z 1.9 after exercise in a smoke-free environment (P > 0.05). Plasma carbon monoxide 
before exercise 1.4 ~ 0.27c versus 1.7 r 0,4 after exercise in a smoking environment (P> 0.05k and 

1.2 r 0.4fe before exercise versus 1.2 z 0:4 in a smoke-free environment C/ r > 0.05K Corresponding 
measurements in survivors of infarction were as follows: peak exercise power 80 - 25 watts versus 
120 - 20 (PxO.Olk time to recovery of pre-exercise heart rate 21 z 2.5 minutes versus 12.3 ^2.0 
( P <0.01)., expired carbon monoxide 0.6 - 0.2 ppm versus 5.2 r 1.2 (P <0.011 in a smoking environ¬ 
ment and 1.2 i 0.8 versus 13 r 0.6 (P>0.05) in a smoke-free environment, plasma carbon monoxide 

1.2 t 016^7 versus 23 i 0.4 (P < 0.01) in a smoking environment and 1.2 z 0.1 versus 1.2 r 03 ( P > 
0.05) in a smoke-free environment. Cardiac response to the exercise is significantly worsened by passive 
smoke, especially in those subjects with previous myocardial infarction. 
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i Introduction 

Smoking interferes negatively with cardiac per¬ 
formance and is responsible tor cardiac pathology 
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{!!—4]. A strongly incriminating relationship be¬ 
tween cigarette smoking and myocardial infarc¬ 
tion' has been shown by numerous studies [4i-ft], 
but a quantitative assessment of the alterations 
caused acutely by passive smoking on cardiac 
performance in health) peopll* and those with 
previous myocardial! infarction has run. vet been 
established 
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The‘purpose of this study was to investigate, 
quantitatively, the effects of passive smoking on: 
cardiac performance of healthy people and those 
withi previous myocardial infarctiom 

Materials and Methods 

19 nonsmoker male volunteers (Table 1), 9 
healthy aged from 17 years to 44 years (mean age 
with ± standard deviation 30.5 ± 8.5' years), and 
10 with previous myocardial infarction aged'from 
43 years to: 59 years (mcani age with ± standard 
deviation' 53.8 ± 5.3 years) were studied. The 
healthy people had no history, of any illnesses at 
all. Their resting 12-lead electrocardiogram was 
normal. The subjects, who survived 1 a first acute 
myocardial infarction; had had an anterior infarc¬ 
tion in 5 cases and an inferior infarction in 5 
cases. All subjects gave their informed consent to 
be included! in this, study,. 

The studied! population underwent: exercise 
stress testing on a bicycle ergomcier twice: the 
first lime, the subject performed the exercise in 
sixty, cubic metres enclosed space not polluted! by 
cigarette smoking. On the second occasion: the 
ambient' atmosphere was polluted by 30-35 ppm 
carbon monoxide concentration we reached by 
the combustion of 15 to: 20'cigarettes within half 
an hour by using a switchover machine connected 
to a Programmable Infra-red Spectrophotometer 
at Variable Pathway (Wilks Mod. 80). This device 
allowed us to measure carbon monoxide concen- 
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tration and maintain it at the desired level during 
exercise stress testing Each studied subject w>as 
test and control of himself. 

During and after exercise, electrocardio¬ 
graph ic Ifeads V2-V6 were displayed continuously 
on a monitor scope, and once even’ minute a 
12-lead electrocardiogram w-as recorded! Systolic 
blood pressure was also recorded! with a sphyg¬ 
momanometer during the last minute of the exer¬ 
cise. In each studied subject we assessed the peak 
exercise power, time to recovery', of prc-exercise 
heart rate and carbon;monoxide concentration of: 
both expired air and plasma before and after 
exercise. 

Statistical methods 

Standard statistical methods were used All 
data were compared! by using the /-test P'< o.uf 
was taken to denote statistical significance. The 
data arc presented as means - SD 

Results 

The results of this study are summarized on: 
the Tables 2-5. Peak exercise power (Table 2) ot 
healthy people ranged from 140: to 200: watts 
(mean 220 - 30) in a smoke-free environment, 
and! from: ISO to 260 watts (mean 220 - 30') in a 
smoking environment. The corresponding figures 
in survivors of infarction were SO to 140 watts 
(mean 120 - 20) in a smoke-free environment, 
and!60 to 120 watts (mean SO - 25) in a smoking 
environment, a statistically significant dOlercnce 
( P < 0 . 01 ). 

Time to recovery of pre-exercise heart rate 
(Table 3) for healthy people was.41 to IS minutes 


TABLE 2 

Peak exercise power (walls), mean iSD. in the studied popu¬ 
lation. 
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' TABLE 3 

Time to: recovers of; pre-exercise heart rate (minutest mean : 
SD; tn the studied population 


Subjects 

Smoking 

Smoke-free 

/-test 


‘ environmeni 

environmeni 


Heallhy people 
Surv ivors of 

19-4 

8:5« r 4 

^ < 0.011 

inftircnoni 

21=::5 

r;.3() = : 

P < 0.011 


(mean 8.50 ±4) in a smoke-free environment, 
and M vo 25 minutes (mean 19 ± 4) in a smoking 
environment! with a statistically significant differ¬ 
ence ('P < OjO 1). The corresponding parameters 
in survivors of infarction ranged from 10 to 15 
minutes (mean 12.5 r TO) 1 in a smoke-free envi¬ 
ronment'. and from IS to 25 minutes (mean 21 ± 
2.50) in the environment polluted by cigarette 
smoke, a statistically significant difference (P < 
0 . 01 ). 

The results concerning the concentration of 
expired! carbon monoxide arc displayed'in Table 
4. In healths volunteers there was no difference 
in the values prior to exercise between the smok¬ 
ing and smoke-free environments (2.3 ± 2.1)1 ver- 
^ sus 2.3 r 2:0; ppm). In the smokoftcc envirom 
menu there was -no significant change after exer¬ 
cise (2.Hr l.9i. !’ > 0.05). whereas.in the smoking 
environment there was a significant increase do 

tabu: 


8.5 ± 1.6. P < 0.01) after exercise. In survivors of 
myocardial infarction, the concentration prior to 
exercise was significantly lower in the smoking 
environment than in the smoke-free environment 
(0.6 ± 0.2 versus- 1.2 ± 0:8, Pc0*05), In the 
smoke-free environment, there was no significant 
change in the concentration after exercise Cl.3 ± 
0:6, P > 0.05), whereas in the smoking environ¬ 
ment there w'as a significant increase (to 5.2.± 1.2,, 
P < 0.01) after exercise. Although the two groups 
had different age distributions, there was no sig¬ 
nificant difference in the measurements between 
the survivors and the healthy volunteers, except 
for the concentration of expired carbon monoxide 
after exercise in the smoking environment 
(healthy 8.5 2 ll6 versus survivors 5.2 - 1.2. P < 
0 . 01 ). 

The results of concentration of carbon monox¬ 
ide in the plasma are displayed in Table 5. Uni 
healthy volunteers there was.no difference in the 
results prior to exercise between the smoking andi 
smoke-free environments (1.4 - 0.2 versus 1.2 r 
0.4 r r)j in neither the smoking environment; nor 
the smoke-free environment was there a signifi¬ 
cant change after exercise (1.7. r 0 4. P > ()J()5 
and 1.2 ± 0.4. P > 0,05. respectively-)'. In survivors 
of infarction there was no difference in the pre- 
exercise concentration between tlie smoking and 
smoke-free environments 11.2 r 0.In versus 1.2 *r 
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TABLE 5 

Plasma carbon monoxid 

c ( r r ).' mean ± SD; in the studied population. 
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0.1). In the smoke-free environment,, there was 
no significant change in the plasma concentration 
after exercise (1.2 ± 0*3, P > 0.05), whereas in the 
smoking environment there was a significant in¬ 
crease (to 2.3 ± 0.4, P < 0.01) after exercise. Al¬ 
though the two groups had different age distribu* 
tions, there was no significant difference in the 
plasma carbon monoxide measurements between 
the survivors and the healthy volunteers, except 
for the post-exercise plasma carbon monoxide in 
the smoking environment (healthy 1.7 ±0.4 ver¬ 
sus survivors 2.3 ± 0.4, P < 0.05 )j 


Discussion 

For many people, exposure to environmental 
tobacco smoke is a potential hazard of daily life. 

We planned this study since of many air pollu¬ 
tants, the components of cigarette smoke have an 
origin both indoors and outdoors [7], and can 
cause serious effects on the cardiovascular system 
(811 

Cigarette smoking can lead to catecholamine 
release which enhances platelet adhesiveness. 
Cigarette smoking and nicotine may also increase 
myocardial electrical instability, heart rate and 
systolic blood pressure exacerbating the athero¬ 
sclerotic process. Carbon monoxide increases the 
blood s carboxyhcmoglbbin level because its affin¬ 
ity for hemoglobin is much greater than that of 
oxygen, diminishes oxygen transport capacity and 
damages directly myocardial mitochondria and 
endothelium [9); 

Cardiac effects are the result of the degree of 
exposure to smoking and usually do not become 
apparent for days after exposure [10). The acute 
response of the heart to passive smoking has not 
yet been carefully evaluated. Our data seem to 
show two different types of response, the one for 
the healthy subject and the other for the subject 
with previous myocardial infarction. However, 
some characteristics were similar. 

A significant reduction of peak exercise power 
(33.4% in this study) has been seen in people 
with previous myocardiali infarction who have un¬ 
dergone exercise stress testing in a smoking envi¬ 
ronment compared to their response in a smoke- 


free environment (P < 0.01). Healthy people did 
not have impaired peak exercise power. 

In a smoking environment,, time to recovery of 
pre-exercise hear, rate was prolonged in both 
groups. In our opinion that may be the conse¬ 
quence of decreased environmental! oxygen avail¬ 
ability. It is known indeed that the environment is 
fundamental for human homeostasis, and de¬ 
creased environmental oxygen is potentially 
‘harmful for life. 

Three main observations on expired carbon 
monoxide and plasma carbon monoxide can be 
made from this study. Firstly, pre-exercise and: 
post-exercise measurements were similar or not 
statistically different ( P > 0.05) for all pcoplb in a. 
smoke-free environment. Secondly, in a smoking 
environment, post-exercise plasma carbon monox¬ 
ide of survivors of infarction was statistically 
higher CP <0.05) than that of healthy people. 
Thirdly, in the smoking environment post-ex¬ 
ercise expired carbon monoxide was significantly 
lower (P < 0.01) in survivors of infarction if com¬ 
pared to healthy controls. Although there is a 
significant difference between the survivors and 
healthy control as regards their post-exercise 
expired carbon monoxide and plasma: carbon 
monoxide, this may not necessarily be due wholly 
or even partially to the previous myocardial in¬ 
farction, as the two groups had different age 
distributions. Since the values of expired carbon 
monoxide and plasma carbon monoxide prior to 
exercise were similar (P> 0.05) in both groups, 
we believe the previous myocardial infarction 
combined with exercise stress testing in the smok¬ 
ing environment is a responsible factor of the 
aforesaid occurrence. Survivors of infarction of¬ 
ten have cardiac failure, even if sometimes silent, 
as a probable consequence of impaired haemody¬ 
namics. Such pathology may affect the blood gas 
exchange as well as the vemilation/perfusion 
ratio. However, this hypothesis should be further 
investigated. 

Acute exposure to passive smoke impairs the 
cardiac performance of both survivors of infarc¬ 
tion and healthy volunteers. Survivors, who often 
have haemodynamic impairment, should avoid in¬ 
door spaces polluted by cigarette smoke. The fact 
that passive smoking also clearly affects the car- 
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diac measurements made in the healthy volun¬ 
teers has implications for public health and legis¬ 
lation. 
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